The intelligibility of speech stimuli recorded within the uterus of a pregnant sheep was determined perceptually using a group of untrained judges. The intrauterine sound environment of the ewe was intended to simulate that of a pregnant woman. Two separate lists, one of meaningful and one of nonmeaningfUl speech stimuli, we re delivered through a loudspeaker to the side of the ewe and were simultaneously recorded with an air microphone located 15 cm from the flank and with a hydrophone previously sutured to the neck of the fetus. Perceptual test tapes generated from these recordings were played to 102 ju. tges. The intelligibility of the phonemes recorded in the air was significantly greater than the intelligibility of phoneroes recorded from the uterus. A male talker's voice was more intelligible than • female talker's voice when recorded from within the uterus, but not so when recorded in the air. A•t analysis of the feature information transmission from recordings inside and outside the uterus rew.aled that voicing information is better transmitted in utero than place or manner information.
INTRODUCTION
The fetus is a dynamic organism which responds to and is influenced by the many acoustic signals generated both inside and outside its mother. The characterization of endogenous and externally generated sounds in tae maternal abdo- 
1990).
The fetus receives sensory information generated from the maternal organism and from the mothcx's external environment. Ouerleu et al. (1981) reported that the auditory environment consists of: (1) a low-level basal noise, including maternal and placental vascular sounds with incidental maternal intestinal noises; (2) exterior noises which are partially absorbed; and (3) exterior voices and the mother's voice which are also partially absorbed and altered. Furthermore, when Querleu and his colleagues (1988) had their subjects reproduce what they could hear when listening to the voices of the pregnant woman and other male and female speakers recorded in utero, these subjects were able to recognize only 30% of 3120 tokens of French phonemes. The authors reported no significant differences between the perception of external male and female voices, and although internal, the mother's voice was not significantly more intelligible.
It is during the latter stages of fetal development, when the hearing mechanism is intact, that the human fetus may be most influenced by the sound environment inside and outside its mother (Spence and DeCasper, 1987) . Maternal vocalizations are easily transmitted to the amniotic fluid and represent the most intense sound normally present in the uterus (Querleu et al., 1981; Vince et al., 1985; Gerhardt, 1989) . Cues inherent in the speech of both the mother and external talkers may be perceived by the fetus, thus forming the basis for language acquisition (Kuhl, 1976; DeCasper and Filer, 1980) . Indeed, the newborn is not totally insensitive to different speech sounds. Eimas et al. (1971) were the first to show that human infants, as young as 1 month old, demonstrate categorical perception of synthetic stop consonant-vowel (CV) syllables differing in voice onset time. Electrophysiologic studies in neonates less than 24-h old have shown distinct patterns in the averaged bioelectric response which corresponded to categorical differences in consonant voicing (Molfese, 1977) .
Little is known about the extent to which speech sounds, emitted by external talkers, may be distorted as the sound is transmitted into the fetal environment. The purpose of this study was to evaluate the intelligibility of externally generated speech utterances transmitted to and recorded at the fetal head in utero. A pregnant ewe was used to process the speech stimuli because the transmissibility of sound in this animal model ( 
A. Surgery
A pregnant ewe carrying a fetus at 140 days gestational age was fasted for 24 h and anesthetized with halothane (2.5%) in oxygen (97.5%). After sterile preparation, the fetal head was delivered through a midline abdominal incision and a hysterotomy according to procedures detailed by Abrams et al. (1984) for long-term chronic preparation. A miniature hydrophone (Bruel and Kjaer model 8103, Marlborough, MA), used to detect intrauterine sound-pressure levels (dB SPL re: 20 /zPa), was sutured to the neck just below the pinna on one side of the fetal head. The hydrophone had previously been calibrated with a pistonphone (Bruel and Kjaer model 4223) and gas sterilized.
Ampicillin, 500 mg, was introduced into both the amniotic fluid and the peritoneal cavity. The fetal head was repositioned in the intrauterine cavity and the uterus and abdominal wall were closed. The hydrophone cable was tunneled subcutaneously, exited at the maternal flank, and was stored in a pouch sutured to the skin. The midline abdominal skin wound was closed with clips and the ewe was taken off anesthesia, extubated, placed back in her pen, and observed until awake. Surgery and subsequent care of animals conformed to the guidelines approved by the University of Perceptual testing was completed by 102 judges, with between 20 and 29 judges auditing each perceptual tape. All testing was conducted in a specially desig led listening laboratory which accommodated up to 30 peo[ le at one time. All of the iperceptual tapes were played over 1,)udspeakers in the free field at an output level set to be heard comfortably by all judges.
In order to meet the variance assump ions for statistical analysis the percent intelligibility data for both the CVC and VCV stimuli were transformed using an arc-sine function prior to further analysis ( Similarly, intelligibility scores recorded in utero improved with stimulus level for both stimulus types and both talkers. As can be seen in Figs. 1 and 2, these scores were significantly lower than those recorded at the flank. The data in these figures also reveal that the male talker was more intelligible than the female talker at all stimulus levels for both types of stimulus (by 21.6% on average). Thus, the male voice was more intelligible than the female voice when recorded in utero even though the intelligibility scores for both talkers were equivalent when recorded at the flank.
The mean intelligibility scores recorded in utero, averaged across the three levels and stimulus types (CVC and A number of observations can be made from inspection of Table VII. Voicing information appeared to be well transmitted in recordings made at the flank regardless of talker gender. Voicing information received from in utero recordings was reduced for the female talker but not for the male talker. The place information lost by going from the flank to within the uterus was marked, especially for the female talker. Place information appeared to be better preserved for the male talker in utero (only dropping to 71% vs 34% for the female talker). Less information regarding manner of articulation was received in utero than in air with a larger reduction for the female speaker than the male.
III. DISCUSSION
Previous research on the transmission of sound pressure into the maternal abdomen and uterus has generated a con- Voicing information from the male talker, which is carried by low frequencies, was largely preserved in utero. In fact, the judges perceived the male talker's voice equally well regardless of transducer site. Voicing information from the female carried less well into the uterus. The fundamental frequency of the female talker was approximately one halfoctave higher than that of the male talker. Thus it is understandable that voicing information from the male talker would carry better into the uterus than that from the female talker.
Transmitted place and manner of articulation information from both talkers was significantly lower for the in utero site than at the flank. In general, for the in utero site, the judges made more errors on consonants that are considered to have greater concentrations of higher frequency energy (Miller and Nicely, 1955) . This trend may be seen in comparing the in utero error patterns for fricative sounds to those for the nasal sounds in Tables IV-VI The design selected for this study diJ not include randomization of stimulus levels, although it did include randomization of the speaker and recording •,ite conditions. All judges heard the 85-dB level first and, consequently, any learning effects were likely to be established at this level. Because the potential exists for judges to t,enefit from listening experience with the higher level stimuli, perceptual scores at the lower levels might be higher lhan if the stimulqs levels were completely randomized. If slimulus levels h:•d been randomized, some judges would have heard the 85-dB level first and potentially learned from that, while other judges would have heard a more difficult istening level first and learning may not have occurred untl a later stimulus level.
The present findings represent' betteJ intelligibility for speech in utero than has been previously found (Querleu et al., 1988) . This difference occurs in sp te of the fact that both sets of data were obtained using a combination of meaningful CVCs and nonmeaningful stimuli spoken by male and female talkers. language, but rather respond to speech using general sensory and cognitive abilities (Kuhl, 1987 
